In the case of the current energy shortage and environmental pollution, solar energy has become the focus of energy development in much of the world [1] [2] [3] . However, a large amount of wastewater generated by the extensive use of cutting fluid originates from silicon wafer operations, and the cutting fluid wastewater is known to have high COD content, complex components, and poor biodegradability. Nowadays, with the increasingly stringent standards of effluent, most sewage treatment facilities of enterprises have found it difficult to meet the standards. Therefore, research of new processing technology is urgently needed.
contains large amounts of complex organic components, thus how to deal with it is a difficult issue. Physicalchemical treatment and biological treatment are mainly used to treat highly concentrated organic wastewater. The principle of physical-chemical treatment, including catalytic oxidation [4] , incineration [5] , solvent extraction [6] , chemical flocculation [7] [8] , and the electro-chemical method [9] . However, the physical-chemical method is not only costly, but difficult to treat. Therefore, it is usually used as a pre-processing method. The primary methods of biological treatment are activated carbon adsorption [10] , membrane separation [11] [12] , biological treatment technology [13] , and the advanced oxidation process [14] [15] . The reactors are mainly upflow anaerobic sludge blanket reactors (UASB) [16] , expanded granular sludge beds (EGSB) [17] , and membrane bio-reactors (MBR) [18] [19] [20] .
Scholars such as Ipek et al. [21] , Zazo et al. [22] , and Yang [23] have reported the treatment of carpet dyeing wastewater, phenol wastewater, and municipal landfill leachate by Fenton process, respectively, and got the most favorable conditions, but the overall cost is high. Sheldon et al. [24] and Pretel et al. [25] studied the treatment of soft drink industry wastewater and the moderate-/high-loaded urban wastewater treatment using MBR technology. However, because of the low initial concentration, the processing efficiency is low. Xu et al. [26] , Perez et al. [27] , and Sanchez et al. [28] attempted to combine Fenton with the MBR process to treat wastewater. Xu et al. [26] reported the avermectin fermentation wastewater reclamation using the Fenton-Anoxic-Oxic/ MBR process, discovering that under the most favorable conditions for Fenton oxidation, the average removal rates are 84.3%, 79.4%, and 72.3% for COD, ammonia, and TN, respectively. Perez et al. [27] investigated a combined system for removing the fungicide thiabendazole (TBZ) in a simulated agro-food industrial wastewater. Results showed that combined MBR and the Fenton/photo-Fenton process is a good way to remove TBZ. Sanchez et al. [28] reported the photo-Fenton/MBR combined process to treat industrial ecotoxic wastewater, showing that the combination process was conducive to cost reduction. At present, few studies have been conducted on a combined process to treat wastewater that contains synthetic organic compounds.
Most solar energy enterprises currently use the traditional "aerobic biochemical" processing method. It is hard to reach the processing standard using a single conventional method on account of the cutting liquid wastewater containing highly concentrated organic compounds such as polyethylene glycol and surfactants, which reach up to 2,000-4,000 mg/L. Considering that the Fenton method is suitable for the degradation of highly concentrated organic pollutants and can partially oxidize and remove organic substances, the organic compounds can be turned into pieces by Fenton reagent to improve biological degradability. In addition to the low operating costs of the MBR method and the advantages of the MBR method that can be used for the degradation of low-concentration organic pollutants, the treatment of cutting fluid wastewater is studied in this paper, which carries on the research of the Fenton-MBR combined process. Some technological advances provide theoretical guidance and technical support for industrial application, as well as reducing pollution to the environment in the process of polysilicon production and satisfying the enterprise sewage discharge standards. The cutting fluid wastewater used in this study was obtained from Xi 'an longji silicon material Co. Ltd., with a high initial concentration of COD, and the main pollutants are polyethylene glycol, surfactants, emery and monocrystalline silicon powder, etc. (Table 1 ).
Materials and Methods

Reagents
Experimental Methods
Fenton Process Procedure
A certain amount of the samples were taken in a conical flask. The pH adjustment was then carried out to the optimum level with 1mol/L sulphuric acid (H 2 SO 4 ) and 1mol/L sodium hydroxide (NaOH). Required amounts of FeSO 4 ·7H 2 O and H 2 O 2 were successively added to the sample, and the reaction lasted 3 h on a constant temperature oscillator. After the reaction, the solution pH was adjusted to alkalinity using 1mol/L NaOH in order to make excess iron ion in water samples to form precipitation. Following a certain time of sedimentation, the COD value of effluent was determined using the supernatant.
MBR Process Procedure
We used the wastewater treated by Fenton oxidation to fill an MBR reactor ( Fig. 1) with a certain velocity gradually at the inlet end until the flat membrane was submerged, then testing machine, culturing bacteria, and domestication. After 48 h the reactor started up and operated under different HRT and dissolved oxygen concentration with timekeeping. During the experiment, the sample was extracted from the suction port at different times according to the design, and the COD value was determined using the sample.
Results
Fenton Process for the Treatment of Cutting Fluid Wastewater
Effect of Fe
2+
Dosage
The effect of Fe 2+ dosage (i.e., 0, 2, 5, 10, 20, 30, and 50 mmol/L) on COD removal efficiency was examined thoroughly, while keeping the COD concentration, reaction temperature, pH, H 2 O 2 dosage, and treatment time at 2,500 mg/L, 30ºC, 3.0, 250 mmol/L, and 3 h, respectively. As seen in Fig. 2 , as Fe 2+ doses were increased from 0 to 20 mmol/L, COD removal efficiencies increased from 39.82 to 88.77%. Hence, it can be said that higher ferrous doses lead to the generation of more OH• radicals and not only made the redox reaction complete but also caused coagulation, resulting in improved COD removal [21] . However, at higher doses of Fe 2+ , excessive Fe 2+ will capture and consume OH• radicals and reduce the production rate of OH•, as well as decrease the amount of the effective part of OH•. COD removal efficiency remained almost constant, indicating that Fe 2+ became the limiter for the reaction. According to the experimental condition and considering the economic factors, the optimal dosage of Fe 2+ is 20 mmol/L.
Effect of H 2 O 2 Dosage
The effect of dosage (i.e., 0, 50, 100, 150, 200, 250, 300, 350, and 400 mmol/L) on COD removal efficiency was evaluated while keeping the COD concentration, reaction temperature, pH, Fe 2+ dosage, and treatment time at 2,500 mg/L, 30ºC, 3.0, 20 mmol/L, and 3 h, respectively. The results obtained are presented graphically in Fig. 3 . Fig. 3 shows that the removal rate of COD was as low as 39.50% when H 2 O 2 dosage was zero, since the reaction only depended on ferrous ion to form coagulation at this time. The removal rate of COD was increased to 86.41% when H 2 O 2 was raised to 250 mmol/L. When the dosage of H 2 O 2 increased, the amount of OH• also increased, and the removal rate of pollutants improved accordingly. However, when H 2 O 2 doses over a critical value, no further increase in COD removal was observed. Because the excess H 2 O 2 will react with OH• to make the highactivity OH• into a low-activity OOH•, which not only consumes highly active OH• but also leads to the decrease of the oxidation ability of the system, ultimately result in the decline of pollutant degradation rate. Considering the economic factors, the optimal dosage of H 2 O 2 is 250 mmol/L.
Effect of Initial concentration
Effect of initial concentration on COD removals was examined by changing the COD concentration of the samples between 1,000 and 5,000 mg/L (i.e., 1,000, 2,000, 2,500, 3,000, 4,000, and 5,000 mg/L), while the other operating conditions were reaction temperature of 30ºC, pH of 3.0, Fe 2+ dosage of 20 mmol/L, H 2 O 2 dosage of 250 mmol/L, and treatment time of 3 h.
As the initial concentration of the samples increased from 1,000 to 2,500 mg/L, COD removal efficiencies decreased from 96.73 to 93.05%. However, when the initial concentration increased to 5,000 mg/L, the removal rate of COD significantly decreased from 93.05 to 77.25%. According to the experimental conditions, the initial concentration of COD is chosen to be 2,500 mg/L in the following experiment.
Effect of Treatment Time
Under optimal conditions (COD concentration of 2,500 mg/L, reaction temperature of 30ºC, pH of 3.0, Fe The experimental data shows that COD removal efficiency rapidly increased from 41.44 to 66.1% after 180 min treatment. However, a further increase of treatment time did not obviously enhance pollutant removal efficiency. When the reaction time reaches 180 min, although the reaction is still in process, the degradation rate of COD is basically unchanged. Considering the degradation rate and economic benefit, the optimal treatment time is 3 h. These phenomena are mainly attributed to the following reasons. On the one hand, the solution only contains Fe 2+ at the beginning of the reaction, which is slow. However, Fe 2+ leads to the generation of OH• radicals by catalyzing the decomposition of H 2 O 2 , and OH• radicals not only oxidize the organic compounds but also improve COD removal efficiency as the reaction goes on. On the other hand, there is no more H 2 O 2 for catalytic decomposition with the extension of reaction time, resulting in little increase of COD removal rate.
Effect of pH Value
Under optimal conditions (COD concentration of 2,500 mg/L, reaction temperature of 30ºC, Fe 2+ dosage of 20 mmol/L, H 2 O 2 dosage of 250 mmol/L, and treatment time of 3 h), the pH adjustment was carried out between 1.5 and 6 (i.e., 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, and 6.0) with 1 mol/L sulphuric acid (H 2 SO 4 ) and 1 mol/L sodium hydroxide (NaOH) in order to examine the effect of pH value on COD removal (Fig. 4) .
According to Fig. 4 , when pH increased from 1.5 to 3, the COD removal efficiency was enhanced rapidly from 40.86 to 66.1%. And then it further decreased to 39.91% when the pH increased from 3 to 5. Therefore, according to the experiment, the optimal pH value should be 3.
COD removal by oxidation, coagulation, and overall process depended strongly on initial pH [23] . At high pH (>4), the generation of OH• gets slower because of the formation of the ferric hydroxo complexes; the complexes would further form [Fe(OH) 4 ] when the pH value is higher than 9.0 [29] . On the other hand, at very low pH values (<2.0) the reaction is slowed due to the formation of complex species [Fe(H 2 O) 6 + . An oxonium ion makes peroxide electrophilic to enhance its stability and presumably substantially reduces the reactivity with Fe 2+ ion [30] . Therefore, the initial pH value has to be in the acidic range (2-4) in order to generate the maximum amount of OH• to oxidize organic compounds [21, 23, 29, [31] [32] .
Effect of Reaction Temperature
A temperature range of 15-40ºC (i.e., 10, 15, 20, 25, 30, 35, and 40ºC) was studied in order to observe the effect of temperature on COD removal efficiency, while keeping the COD concentration, pH, Fe 2+ dosage, H 2 O 2 dosage, and treatment time at 2,500 mg/L, 3.0, 20 mmol/L, 250 mmol/L, and 3 h, respectively.
According to the experimental data, when the temperature increased from 10 to 30ºC the COD removal efficiency was enhanced rapidly from 39.47 to 92.44%. However, a further increase in temperature did not obviously enhance pollutant removal efficiency. Therefore, the optimal temperature should be 30ºC according to experimental and economic factors.
Reaction temperature is an important factor to influence the oxidation of Fenton. A change in temperature can result in the change of ferrous ion in concentration and production of OH• in water samples, which influence the oxidation and degradation ability of Fenton reagent. When the reaction temperature is too low, it will affect the reaction rate of the Fenton process, and the system has a relatively low oxidative capacity lacking hydroxyl radicals. When the reaction temperature is too high, although it is conducive to the Fenton reaction, the H 2 O 2 is unstable and easily decomposed to produce hydrogen and oxygen when heated. High temperature will cause thermal decomposition of H 2 O 2 , reduce the amount of H 2 O 2 in the system, result in the decrease of oxidative capacity, and ultimately hinder the degradation of COD in water samples.
MBR Process for the Treatment of Cutting Fluid Wastewater
In this part, the experiments were carried out using the MBR process to study the removal of COD and determine the optimum operating conditions in cutting fluid wastewater through two aspects, which are hydraulic retention time (HRT) and dissolved oxygen (DO) concentration. The influent COD value was controlled among 600-800 mg/L in the experiment while the sludge concentration was controlled among 8,000-10,000 mg/L. Through testing the machine, culturing the bacteria, domestication, and operation, the reactor started up.
Effect of HyDraulic Retention Time (HRT)
In this experiment, in order to observe the effect of HRT on COD removal efficiency throughout the MBR process, the HRT was carried out between 4 and 12 (i.e., 4, 6, 8, 10 , and 12 h), while maintaining other conditions and determining the samples after the reactor ran a cycle (Fig. 5) .
As shown in Fig. 5 , COD removal efficiency increased steadily with the extension of HRT, and the removal rate was over 90% when HRT was 8 h, 10 h, and 12 h, as well as the effluent COD can reach the water standard. When the system was under the conditions of short HRT, the fast bacteria breeding and high activity can cushion the impact of high load to some extent, but increasing the content of effluent COD. Along with the decreases of organic load, this situation slowly improved with long HRT. When the sludge load drops to a certain extent, carbon source becomes the main factor that restricts the growth of sludge. Longer HRT will inhibit sludge activity and reduce the amount of sludge, which is not helpful in the removal of COD. Consequently, the HRT was chosen as 8 h.
Effect of Dissolved Oxygen (DO) concentration
The HRT of 8 h was selected according to the above study. In order to observe the effect of dissolved oxygen (DO) concentration on COD removal efficiency throughout the MBR process, the dissolved oxygen (DO) concentration was carried out between 1 and 5 (i.e., 1, 3, and 5 mg/L) while maintaining other conditions and determining the samples after the reactor ran a cycle (Fig. 6 ). Fig. 6 shows that the removal effect of COD is on the rise with the increase of the dissolved oxygen concentration. In general, the removal rate of COD can reach a good level in the above cases, and the effluent COD can reach the discharge standard. The aerobic bacteria can remove most organic matter. When the concentration of dissolved oxygen is low, environmental hypoxia will appear in part of the reactor, the activity of aerobic bacteria will be inhibited, and the removal rate will be pretty low. When the concentration of dissolved oxygen increases, the activity of aerobic bacteria also is enhanced, the removal efficiency of the system increases, and the removal rate lifts from 90 to 95%. Taking into account the fact that increasing the dissolved oxygen concentration will consume power and for economic considerations, dissolved oxygen concentration was selected as 1 mg/L.
Fenton-MBR Combined Process for Treating
Cutting Fluid Wastewater
According to engineering practices, this experiment carried out a test using the Fenton-MBR combined process for the treatment of cutting fluid wastewater. The specific procedure was taken as follows: After removing large particles of impurities by pretreatment, the cutting fluid wastewater was treated first by using the Fenton method under optimum reaction conditions (COD concentration of 2,500 mg/L, reaction temperature of 30ºC, pH of 3.0, Fe 2+ dosage of 20 mmol/L, H 2 O 2 dosage of 250 mmol/L, and treatment time of 3 h). Then the filtration was needed to remove the precipitation, and the pH was adjusted to a range of 6.5-8.5. Next, we used the MBR method for processing and controlling the optimum reaction conditions (the HRT of 8 h and the dissolved oxygen concentration of 1 mg/L). Finally, the treatment efficiencies of cutting fluid wastewater were analyzed and evaluated by COD (Table 2) . Table 2 represents the removal of COD as relatively low in the first two days after the start of the operation, probably due to the unstable operation of the system. With the extension of time, the operation of the system was stabilized by degrees, and the removal rate of COD increased gradually, ultimately reaching 97%. The experimental results can satisfy the discharge standards of wastewater.
Discussion
Fenton Process
Based on the correlative references of the Fenton process to treat wastewater, as shown in Table 3 , under the different optimal conditions, the COD removal efficiency was between 47.1 and 84%. The COD removal efficiency of cutting fluid wastewater was as high as 93.05% in this study, which was higher than the literature and close to the COD removal efficiency of chelating the optimization Fenton process by Mohsen Moussav et al. [38] . Table 3 also represents the optimal conditions of pH at about 3, and the optimal value of H 2 O 2 /Fe 2+ appears to be a bigger difference in different literature. The reason may be due to the different types and components of wastewater, the varying degree of oxidation of organic pollutants, and the different initial concentrations of COD. Exactly speaking, the oxidation degree is associated with the oxidation potential of pollutants. Therefore, in the future, the related ratio between hydrogen peroxide and iron should be paid more attention to when dealing with different pollutants by the Fenton process.
MBR Process
There are also several correlative literatures reported on the MBR process treating wastewater. The indicators affecting the MBR process may be DO, HRT, SRT, and so on. However, most of the literature is more focused on HRT. The diversity of processing methods have different HRTs [39] [40] [41] . Daniel María González-Pérezet al.
[39] carried out the MBR process to treat urban wastewater, when the full-scale MBR system was in continuous operation for 530 days at high SRT and HRT, the COD removal rate for the entire period was over 98%. Daniel only considered the influence of SRT and HRT to the MBR process, and the efficiency is low, with 96 h of HRT. Therefore the high removal rate of COD is probably because of the long HRT. Nevertheless, the effect of DO on the MBR process was also considered in this study. When we chose the best condition of DO, the HRT was chosen as 8 h and the COD removal rate was over 90% entirely.
Fenton-MBR Combined Process
According to the correlative literature about treating high-concentration organic wastewater, it is known that when combining the Fenton or MBR method with other methods, COD removal rate was lower than the removal efficiency of the Fenton-MBR combined process in this study.
Haifeng Zhuang et al. [42] proposed a novel integration of heterogeneous Fenton oxidation to treat coal fly ash/ sewage sludge carbon composite, and COD removal efficiency was 74.9%. Ligia F. Guerreiro et al. [33] treated sugarcane vinasse using a combination of coagulation/ flocculation and Fenton's oxidation, and COD removal efficiency was 69.2%. Jaime Martin-Pascual et al. [40] studied the MBBR-MBR technology under 10 h and 24 h of HRT and three filling ratios (20%, 35%, and 50%) at temperatures between 2.5°C and 17.3°C, and COD removal was ultimately 86.4%. Weihua Sun et al. [43] proposed a new AOP that couples electron beam radiation and MBR treatment to treat real textile effluents containing polyvinyl alcohol, and COD removal was enhanced to 45% at the end of the research. Xu et al. [44] use the combined MBR-NF Fenton method to treat garbage leachate, the removal rate of COD was 79.6%.
The results further verify that the combined Fenton-MBR method as a wastewater treatment process can effectively degrade synthetic organic compounds in highly concentrated organic wastewater. In this paper, the removal rate of COD is higher than the results reported by Xu et al. [26] , and similar to the results reported by Perez et al. [27] . The Fenton process has the advantages of high oxidation capacities and unselectivity of pollutants, and it can oxidate the high concentration of pollutants quickly and efficiently. Advantages of the MBR process are low effluent concentration of organic matter and suspended solids, as well as the small area of sewage treatment facilities. Combining the merits of the two processes, a new method has been formed to remove the high concentration organic wastewater effectively. This work exerted the advantages of combining the Fenton and MBR process to deal with synthetic pollutants. The concrete principle is that some organic compounds such as polyethylene glycol and surfactants can be broken to little pieces by Fenton oxidation, and subsequently treated by the MBR process, thus the method is efficient and economical, and the results are consistent with that of Sanchez et al. [28] .
conclusions
The results of this study show that the combined Fenton and MBR process was successfully used to treat cutting fluid wastewater. Meanwhile, the operating parameters, including initial pH, reaction temperature, treatment time, Fe 2+ dosage, H 2 O 2 dosage, hydraulic retention time (HRT), and dissolved oxygen (DO) concentration were optimized in detail. HRT of 8 h, dissolved oxygen (DO) concentration of 1 mg/L. 3. Using the Fenton-MBR combined process to treat cutting fluid wastewater operating continuously under the most favorable conditions for seven days, ultimately the removal rate of COD could reach even 97% under the high influent concentration of 3,000 mg/L, and the effluent COD was reduced to 100 mg/L. The method can provide the theoretical basis and technical reference for the solution of the cutting fluid wastewater and similar problems. Table 3 . COD removal efficiency in the optimal conditions of the Fenton process.
